We have studied the action of cholinergic agonists on outer hair cells, both in situ and isolated from the cochlea of the guinea pig, combining new fast CCD technology for Ca 2+ imaging and conventional patch-clamp methods. Carbachol
(1 mM) activated a current with a reversal potential near -70 mV and a bellshaped I-V curve, suggesting that it was a Ca 
INTRODUCTION
Outer hair cells (OHCs) are the target of an efferent innervation originating in the brainstem (Engstrom, 1958; Warr, 1992) . The principal neurotransmitter of Whole-cell recordings from isolated OHCs have provided evidence for cholinergic receptors localised around the base of the cell (Housley et al, 1992) , where the efferent synapses are located (Sato et al., 1999 (Evans, 1996; Blanchet et al., 1996) and is accompanied by changes of intracellular Ca 2+ concentration (Doi and Ohmori, 1993; Blanchet et al., 1996) .
The finding that the α9 subunit of the nicotinic acetylcholine receptor is expressed in cochlear OHCs (Elgoyhen et al., 1994) has provided an explanation for the unusual cholinergic receptor pharmacology of the olivocochlear efferent innervation (see Housley and Ryan, 1997 
MATERIALS AND METHODS

Cell preparation
Adult guinea pigs (200-450g) were killed by cervical dislocation and decapitated. The temporal bones were removed from the skull and placed in Evans, 1996) . In both cases potentials were corrected for liquid-junction potentials, estimated to be -4 mV 
RESULTS
Potassium currents activated by carbachol in OHCs in situ.
In order to gain access to OHCs for the recording and puffer (drug application) pipettes, a cut was made through the external supporting cells with a suction (denoted by the boxes in Fig. 4A) , and from the entire cell ( Figure 4, B 
Effects of caffeine and ryanodine on the ACh-evoked K + current
To obtain evidence for the involvement of Ca (Fig. 5A,B) . Although the AChevoked current tends to get smaller with repeated applications of ACh under normal conditions (Evans, 1996 ; see also Fig 5C) , after caffeine the rate of decline was much faster. Ryanodine decreased the amplitude of the current in 3/4 cells, one of which is shown in Fig. 5C ,D. The effect of ryanodine was more pronounced in cells with large ACh-evoked currents, and cells with responses below 100pA were excluded from the analysis. The reduction in current amplitude induced by ryanodine was 19% (from 348 ± 166 pA to 281 ± 170 pA (n = 3)). In this calculation, the control amplitude was taken as the mean of several measurements before and after ryanodine. One other effect of ryanodine was noted in these three cells, although it was particularly pronounced in this example: it slowed the recovery of the current back to baseline (Fig. 5D ). This observation is consistent with the idea that ryanodine impairs the ability of the stores to refill with Ca 2+ (Usachev and Thayer, 1997). Klingauf and Neher, 1997). In OHCs, confinement of Ca 2+ may be partly due to the close apposition, within a few nanometres, of the synaptic cistern to the plasma membrane (Martin and Fuchs, 1992 ] i control the mechanical properties of OHCs (see Dulon et. al, 1990; Fridberger et al., 1998) , leading to the changes in cochlear mechanics that are thought to be responsible for efferent inhibition (Murugasu and Russell, 1996b) . Notice biphasic response at -45 mV and -38 mV, due to the activation of an early inward current. 
